Background: Recent evidence describes which interventions are driving insurance payments in the management of osteoarthritis (OA) before total knee arthroplasty (TKA); however, relatively little is known about how these costs are distributed among patients. Methods: We reviewed the Humana claims database for patients who underwent primary TKA from 2009 to 2016. Insurance payments for treatment, imaging, and evaluation and management were calculated from OA diagnosis to TKA, the distribution of payments was determined, and a high-payment group was identified by determining the point at which patients began to account for a disproportionate percentage of payments. This group of high-payment patients was compared with remaining patients (low-payment patients) based on demographic factors and nonarthroplasty payments and utilization. Results: The top 30% of patients accounted for more than 70% of nonarthroplasty payments. Highpayment patients were more likely to be younger, female, and more comorbid. Median time from diagnosis to TKA for high-payment patients was 3 times longer than that for low-payment patients (654 days [320-1191] vs 204 days [68-582], P < .001), and median payment per patient was more than 5 times higher ($1891 [1405-2782] vs $362 [198-613], P < .001). Conclusions: Identification of high-payment patients in the management of knee OA may allow for targeted care pathways and cost-reduction strategies in the nonarthroplasty period, although additional studies are necessary to further characterize this population and efficiently recognize appropriate TKA candidates and timing.
Introduction
Osteoarthritis (OA) is a highly prevalent disease and a leading cause of disability in the United States [1, 2] . In addition to its effects on individuals through pain and disability, OA also accounts for a significant economic burden [3] . Annual direct and indirect OA costs from 2008 to 2011 averaged $62 billion and $80 billion, respectively [4] , and the economic impact of OA is projected to grow as the population ages and obesity becomes increasingly prevalent [5] . Knee OA in particular accounts for the majority of symptomatic OA and 83% of the global OA disease burden [6, 7] .
Current management of knee OA involves a number of interventions directed at reducing pain and improving function. Numerous clinical practice guidelines have been developed to standardize management of knee OA [8] [9] [10] . However, despite a general consensus on major management strategies across guidelines [11] , there remains wide variation in practice patterns with low adherence to recommendations [12, 13] . Furthermore, most knowledge on cost and care delivery patterns in knee OA focuses on the end-stage treatment of joint arthroplasty [12, 14, 15] . However, OA is a chronic condition, and optimal disease-based care will require a deeper understanding of the entire nonarthroplasty treatment episode, especially as novel care and payment models for OA continue to emerge [16, 17] .
Several recent studies describe which interventions are driving insurance payments in the management of knee OA before total knee arthroplasty (TKA) [12, 14] . Still, relatively little is known about how these payments are distributed among patients. General health care expenditures in the United States are concentrated in a relatively small percentage of the population, with 5% of patients accounting for 50% of costs [18] . Nonarthroplasty payments for knee OA may be expected to mirror this marked variation in patient utilization, which could present opportunities for cost reduction and improved care delivery among distinct patient populations.
In this study, we seek to determine which diagnostic and treatment modalities make up the majority of insurance payments from OA diagnosis to TKA and characterize the distribution of nonarthroplasty knee OA payments among patients. We believe the majority of payments will be concentrated among a small proportion of patients and that these patients will have distinct demographic characteristics and utilization patterns compared with other patients.
Material and methods
This review was conducted using the Humana subset of the PearlDiver Patient Record Database (www.pearldiverinc.com; PearlDiver, Inc., West Conshohocken, PA). The PearlDiver database is commercially available and contains deidentified and Health Insurance Portability and Accountability Actecompliant patient records and billing codes. The Humana division of the database contains 22 million patients with claims from 2007 through 2016 and undergoes regular internal and external review processes to ensure data validity.
Patients with a diagnosis of knee OA were identified using International Classification of Diseases, 9th Revision (ICD-9) and 10th Revision (ICD-10) codes (Appendix A). Only patients active in the Humana database for 2 years before their initial documented knee OA diagnosis were included. Patients who underwent primary TKA were identified using Current Procedural Terminology (CPT), ICD-9, and ICD-10 codes (Appendix B). A total of 46,318 patients who underwent primary TKA met inclusion criteria. Figure 1 details the process of patient selection for the study. Patient billing records were tracked from initial knee OA diagnosis to the day before TKA and filtered for reimbursement payments associated with a primary ICD-9 or ICD-10 diagnosis of knee OA or knee pain (Appendix A).
Based on treatments addressed in the American Academy of Orthopaedic Surgeons (AAOS) clinical practice guidelines [9] , the following treatment modalities were analyzed: physical therapy (PT), knee braces, prescription nonsteroidal antiinflammatory drugs (NSAIDs), tramadol, opioids, corticosteroid (CS) injections, hyaluronic acid (HA) injections, and arthroscopic debridement. All interventions were covered by Humana over the course of the study period. Imaging modalities analyzed included radiography, computed tomography (CT), and magnetic resonance (MR) imaging. Records associated with evaluation and management (E/M) were also evaluated. All treatment, imaging, and E/M records were identified using CPT codes (Appendix B), and only those specifically associated with a primary diagnosis of knee pain or OA were included in the analysis (Appendix A). For injections, the payment for the procedure and the injected medication was analyzed. For medications, prescriptions filled on the same day or the day after an encounter for knee pain or OA were included. For overall nonarthroplasty knee OA payments, we calculated the number of patients, total payment, payment per event, payment per patient, and percentage of overall nonarthroplasty payment for each service. For treatments, we also report the AAOS recommendation status of each modality.
To determine the distribution of payments, patients were ranked in descending order based on total payments incurred for knee pain or OA from diagnosis to TKA. Aggregate spending was calculated incrementally for each 5th percentile of the population, and a group of high-payment patients was identified by determining the point at which patients began to account for a disproportionately high percentage of payments (ie, when 5% of the cohort began accounting for more than 5% of total payments). This group of high-payment patients was compared with remaining patients based on demographic factors, comorbidities, and nonarthroplasty payments. The Elixhauser Comorbidity Index was calculated for each group, as well as specific comorbidities, including hypertension, diabetes, peripheral vascular disease (PVD), depression, and obesity. Validated Elixhauser ICD-9 and ICD-10 comorbidity codes were used to identify patients with documentation of these comorbidities during the examined time period [19] . For each group, we also calculated the number of patients receiving each service, per-patient payment for each patient receiving the service, and the median and average number of events per patient receiving the service.
Normality of data distributions was assessed using the Shapiro-Wilk test. Parametric data were analyzed using the t-test and expressed as averages ± standard deviation. Nonparametric data were analyzed using the Mann-Whitney U-test and expressed as medians [interquartile range]. Nominal data were analyzed using the Chi-squared test and expressed as percentages. All tests were two-sided and considered significant at a P value < .05.
Results
The overall drivers of payment in the nonarthroplasty period were E/M, HA injections, CS injections, radiography, PT, and MR imaging ( Table 1 , Fig. 2 ). Total nonarthroplasty payments from diagnosis to TKA were $49,845,016, and the total payments for all services analyzed accounted for 83% ($41,186,234) of these payments. Other payments were related to inpatient claims where OA was listed as a diagnosis but was not the primary reason for admission.
Nonarthroplasty knee OA payments were not equally distributed among patients. The top 5% of patients by payment accounted for 30% of total payments, and the bottom 50% of patients by payment accounted for only 13% of total payments ( Fig. 3 ). We identified the 30th percentile as the point at which patients began to account for a disproportionately high percentage of payments. These high-payment patients accounted for more than 70% of nonarthroplasty payments, while patients in the bottom 70th percentile (low-payment patients) accounted for less than 30% of nonarthroplasty payments.
High-payment patients were more likely to be younger, female, from the southern United States, more comorbid, and treated for longer before TKA. They also received more of almost every service analyzed than did low-payment patients. Hypertension (81.4% vs 71.8%, P < .001), diabetes (32.6% vs 29.4% P < .001), PVD (20.5% vs 14.7%, P < .001), depression (21.8% vs 11.9%, P < .001), and obesity (32.6% vs 21.8%, P < .001) were all more common among highpayment patients ( Table 2 ). The Elixhauser comorbidity score was slightly higher for high-payment patients (8.6 ± 4.4 vs 8.3 ± 4.4, P < .001). Median time from diagnosis to TKA for high-payment patients was 3 times longer than for low-payment patients (654 days [320-1191] vs 204 days [68-582], P < .001), and median per-patient payment was more than 5 times higher ($1891 [1405-2782] vs $362 , P < .001). For every service analyzed, there was a higher proportion of patients in the high-payment group who received it ( Fig. 4) . The difference was especially pronounced in the case of HA injections, in which 60% of high-payment patients and only 7% of low-payment patients received the service (P < .001). Furthermore, median per-patient payment for patients who received a given service was greater in the high-payment group for all observed services (Fig. 5 ), and the high-payment group received a greater number of per-patient service events for almost every service, with the exceptions of arthroscopic debridement and CT imaging ( Table 3 ). The increased number of per-patient service events in the high-payment group was greatest for PT (5 [1-10] vs 1 [1-4] events, P < .001) and E/M (5 [4] [5] [6] [7] vs 2 [2-4] events, P < .001) visits.
Discussion
An understanding of payment and utilization patterns in nonarthroplasty OA management is important to inform the development of health policy and alternative care models; however, an emphasis on averages across the OA population overlooks the high degree of variation present in patient utilization. Our study demonstrates that the majority of nonarthroplasty OA payments before TKA are concentrated among a relatively small proportion of patients. Figure 2 . Percent of all patients receiving each service and percent of total nonarthroplasty payments for each service.
The main drivers of insurance payments in the nonarthroplasty period included E/M, HA injections, CS injections, and radiography. Recent evidence demonstrates significant gaps between clinical practice guidelines and practice patterns in the management of knee OA [12, 13] . Similarly, we found that treatments such as HA injections, CS injections, and opioids were highly utilized, especially among the high-payment group. HA injections are not recommended by the AAOS, while recommendations for CS injections and opioids are inconclusive. Almost 60% of high-payment patients received at least one HA injection, while less than 8% of lowpayment patients did. Furthermore, HA injections were a significant driver of payment, accounting for more than 20% of total nonarthroplasty payments. Recommended treatments such as PT, NSAIDs, and tramadol each had utilization under 20% in the overall cohort, and together, they accounted for less than 10% of nonarthroplasty payments. Our results are consistent with studies detailing utilization patterns 1 to 2 years before TKA [12, 14] . One study [14] assessed interventions in the 2-year period before TKA, which found a high percentage of nonarthroplasty payments, including injections and arthroscopy, occur in close proximity to TKA when they may not be clinically or cost-effective. A similar study [12] examined outpatient OA interventions in the year preceding TKA and found high use of HA injections, CS injections, and opioids. Our results support these findings and extend them to the entire nonarthroplasty care episode from diagnosis to TKA, further underscoring the economic implications of care that is either not recommended or inconclusive in accordance with current AAOS clinical practice guidelines for knee OA.
We identified a group of high-payment patients, which comprised 30% of patients and more than 70% of nonarthroplasty payments. This group had substantially higher per-patient payments and utilized significantly more of almost every service analyzed before TKA. Such variation in utilization is likely the result of multiple factors, including patient need for and access to health care, appropriateness for and willingness to undergo TKA [20, 21] , and inconsistent practice patterns among providers. This disparity in service provision presents opportunity for targeted efforts to reduce or redistribute payments associated with inappropriate or excessive treatment and increase the equity, appropriateness, and value of services delivered to the population seeking care for knee OA. This information can also be used to counsel patients on the cost of nonarthroplasty knee OA management, especially with rising enrollment in high-deductible health plans and an increasingly cost-minded patient population [22] .
Patients in the high-payment group were more likely to be younger, female, and located in the southern United States. Our results are consistent with those of other reports that females incur higher costs for OA care than males, which may be due to increased disease severity observed in female patients [23, 24] . Younger patients likely receive a higher level of nonarthroplasty management in an attempt to avoid or delay the need for TKA due to concerns about lower implant survival in younger patients [25] . This point is further reflected in the longer time period from diagnosis to TKA for high-payment patients. There was also a higher prevalence of comorbidities in the high-payment group. Increased comorbidity has been shown to increase individual healthcare costs for a number of conditions [26] . In addition, certain comorbidities such as depression are associated with increased pain in patients with OA [27] , which may result in higher resource utilization. Clinicians may also be more likely to utilize nonarthroplasty interventions for comorbid patients in an attempt to avoid surgery or optimize preoperative variables such as body mass index or HbA1c [28, 29] . In our study, the increased time of nonarthroplasty management for younger and more comorbid patients suggests the interventions analyzed may be at least partially effective in delaying the need for TKA, although we are unable to comment on the efficacy of these interventions in symptom relief or their healthcare value. Nonetheless, our study provides a characterization of different patient populations in the management of knee OA who may be most effectively served by distinct care pathways. The majority of patients in the low-payment group underwent TKA within a year of OA diagnosis. These patients were generally older and had fewer comorbidities than those in the high-payment group, likely making them better candidates for early surgical intervention. Highpayment patients, on the other hand, were treated for longer before TKA and had a higher prevalence of comorbidities. Patients who are anticipated to incur high payments for nonarthroplasty OA management, for example, younger patients with diabetes or depression, could be directed toward separate pathways that emphasize appropriate and targeted longitudinal care. Important aspects of these models may include an emphasis on recommended clinical practice guidelines, exercise and behavior change aimed at managing comorbid obesity and diabetes, and psychological support such as pain coping or cognitive behavioral therapy. These services have been shown to improve outcomes in patients with OA and hold the potential to reduce resource utilization elsewhere in the system [30, 31] .
Moreover, proceeding with arthroplasty earlier may help decrease payments associated with nonarthroplasty management, particularly in high-payment patients. Several studies have demonstrated the potential for payment reduction with earlier TKA [32, 33] . One study [32] showed decreased direct and indirect costs and increased quality-adjusted life years gained for patients undergoing early TKA compared with those receiving nonarthroplasty Figure 4 . Percent of patients receiving each service in high-and low-payment groups. There was a significant difference (P < .001) between high-and low-payment patients for each service. Figure 5 . Median payment per-patient receiving each service in high-and low-payment patients. There was a significant difference (P .001) between high-and low-payment patients for each service. treatment for 2 years before TKA. Still, decisions regarding arthroplasty are complex and must balance potential economic benefits with various clinical and patient factors. One report [34] estimates a third of TKA procedures in the United States may be performed for reasons that do not meet published appropriate use criteria. Future efforts to aid in timely recognition of appropriate TKA candidates will be critical moving forward.
Our study is subject to the limitations of retrospective analysis. Results are dependent on accurate documentation and coding, and as a result, we likely underrepresent service delivery and the payments thereof for knee OA. We also restricted our analysis to records associated specifically with a primary diagnosis of knee OA or knee pain, but patients with knee OA may have received services billed under ICD-9 or ICD-10 codes for other knee pathologies. Specifically, arthroscopic debridement before TKA has been reported at much higher rates than we observed when other indications are included in analysis [13, 14] . Moreover, several treatments such as NSAIDs and knee braces are available over the counter and likely not fully represented in administrative claims databases. In addition, we were unable to provide information on OA severity, an important factor in the approach to management. We attempted to control for differences in disease severity at the time of diagnosis by limiting our analysis to patients who had been active with the insurance provider for 2 years before an initial diagnosis of knee OA. Still, we are unable to comment on the role of disease severity in our analysis. Another factor that can contribute to costs in the management of knee OA is bilaterality of symptoms, which we lacked the ability to determine in this analysis.
Conclusions
OA payments before TKA were unequally distributed among patients, with 30% of patients responsible for more than 70% of payments. These high-payment patients were more likely to be younger, female, more comorbid, and treated for longer before TKA. This group also received high levels of nonrecommended care. Early identification of high-payment patients may allow for targeted care pathways and cost-reduction strategies in the nonarthroplasty period, although additional studies are necessary to further characterize this population and efficiently recognize appropriate TKA candidates and timing. 
